Throughout the animal kingdom, the inhibitory neurotransmitter g-aminobutyric acid (GABA) is a key modulator of physiological processes including learning. With respect to associative learning, the exact time in which GABA interferes with the molecular events of learning has not yet been clearly defined. To address this issue, we used two different approaches to activate GABA receptors during appetitive olfactory conditioning in the honeybee. Injection of GABA-A receptor agonist muscimol 20 min before but not 20 min after associative conditioning affects memory performance. These memory deficits were attenuated by additional training sessions. Muscimol has no effect on sensory perception, odor generalization, and nonassociative learning, indicating a specific role of GABA during associative conditioning. We used photolytic uncaging of GABA to identify the GABA-sensitive time window during the short pairing of the conditioned stimulus (CS) and the unconditioned stimulus (US) that lasts only seconds. Either uncaging of GABA in the antennal lobes or the mushroom bodies during the CS presentation of the CS-US pairing impairs memory formation, while uncaging GABA during the US phase has no effect on memory. Uncaging GABA during the CS presentation in memory retrieval also has no effect. Thus, in honeybee appetitive olfactory learning GABA specifically interferes with the integration of CS and US during associative conditioning and exerts a modulatory role in memory formation depending on the training strength.
g-Aminobutyric acid (GABA) is the most abundant inhibitory neurotransmitter and a key player in numerous physiological processes. In humans GABA-mediated inhibitory networks contribute to well-known physiological processes including anxiety (Sanders et al. 1995) , sleep (Szymusiak and McGinty 2008) , and memory formation (Paulsen and Moser 1998) . The mammalian hippocampus, an essential structure for learning, is intensely innervated and modulated by GABAergic neurons (Klausberger 2009 ). Activation of GABA receptors in the hippocampus impairs learning, while blocking GABA receptors facilitates learning (Brioni et al. 1990; Zarrindast et al. 2002; Lasarge et al. 2009 ). However, the time window within which GABAergic transmission is interfering with molecular processes of learning and memory formation is still debated. While some studies differentiate between the early memory acquisition and the later consolidation phase regarding the effects of GABA agonists and antagonists (Rossato et al. 2004; Meyers et al. 2006; Rezayof et al. 2007 ), other studies argue that GABA plays an overall role in both processes (Brioni et al. 1989; Makkar et al. 2010) . These discrepancies are most likely due to differences in the time of GABAergic drug injection and their diffusion within the tissue that leads to a vague temporal interference with GABA receptor activation (Chrobak et al. 1989; Harris and Westbrook 1999) .
Recently, the basic role of GABAergic inhibition in memory formation has been confirmed by studies on associative learning in Drosophila (Liu et al. 2007; Liu and Davis 2009; Pitman et al. 2011; Wu et al. 2011) . Insect mushroom bodies (MBs) that play a central role in learning are innervated by GABAergic neurons, which control neuronal activity and thus affect memory formation (Liu et al. 2007; Liu and Davis 2009; Pitman et al. 2011; Wu et al. 2011) . Genetically enhanced GABAergic inhibition of MB circuitries impairs associative olfactory learning in Drosophila (Liu et al. 2007) . Although these genetic manipulations are well designed to elucidate general wiring diagrams, they leave brain structures inaccessible regarding quick and flexible events such as transmitter actions within certain timeframes. GABA actions and its contributions to learning processes belong to the latter category.
In order to achieve a high temporal resolution of GABA receptor activation during associative learning, we used in vivo uncaging of GABA during olfactory associative conditioning of the proboscis extension response (PER) in the honeybee, Apis mellifera (Takeda 1961; Bitterman et al. 1983 ). The PER can be conditioned by a single pairing of an odor (conditioned stimulus, CS) with a sucrose reward (unconditioned stimulus, US) (Hammer and Menzel 1995) . For the honeybee, it is well known that CS as well as US activates GABAergic neurons innervating the MBs (Gronenberg 1987; Grünewald 1999) . After characterizing the time window in which the selective ionotropic GABA receptor agonist muscimol affects learning, we applied in vivo uncaging of GABA to address the temporal domain of GABA action on learning in detail.
Results

GABA receptor activation during memory acquisition impairs memory formation
To test whether activation of ionotropic GABA receptors affects memory formation, we injected the selective ionotropic GABA agonist muscimol 20 min before conditioning. Although a concentration of 5 mM had no effect, 10 and 20 mM muscimol significantly impaired memory performance at 2 h (Table 1 ). In the following experiments, we used a concentration of 10 mM muscimol to compare differential effects of GABA receptor activation on acquisition and/or consolidation of memory. We injected 10 mM muscimol either 20 min before or 20 min after conditioning and handled all shown groups in parallel (Fig. 1) . Muscimol injection before single-trial training disrupted memory performance at 2 h and 1 d after training (2 h, (Fig. 1A) . Muscimol injection before three-trial training (Fig. 1B) did not affect memory acquisition (2. trial, x 2 ¼ 0, P ¼ 0.83; 3. trial, x 2 ¼ 0.14, P ¼ 0.65) or memory performance after 2 h (x 2 ¼ 0.29, P ¼ 0.49), whereas memory performance 1 d after three-trial training was significantly impaired (x 2 ¼ 3.88, P ¼ 0.032). Muscimol injections after single-trial (2 h, (Fig. 1D ) had no impact on memory performance.
Previous work in insects demonstrates that inhibition of ionotropic GABA receptors increases odor generalization (Stopfer et al. 1997; Hosler et al. 2000) . To test whether activation of ionotropic GABA receptors affects odor generalization, we performed a separate experiment and additionally tested a novel odor at 2-h memory retrieval (Table 2) . Injection of muscimol 20 min before acquisition impairs odor-specific memory as tested by the odor used for conditioning but does not affect the PER to a new, novel odor. Injection of muscimol 20 min before 2-h memory retrieval neither affects memory performance nor odor generalization. This suggests that activation of GABA receptors and thus increased GABAergic inhibition during acquisition specifically affects processes of memory performance but not processes of odor coding.
To ensure that the impaired memory performance induced by muscimol during conditioning is not due to altered sucrose processing, we tested the gustatory sensitivity. Responsiveness tests revealed no difference between PBS and muscimol injected bees (Table 3) . Also, muscimol had no effect on nonassociative learning paradigms like habituation or sensitization (Table 3) , which demonstrates that there are no detectable deficits in the perception of the odor or reward alone. Together with the findings that GABA receptor activation during training, but not during memory consolidation, impairs memory formation, the results suggest that GABA plays a prominent role during CS-US pairing. To identify the exact time window in which muscimol interferes with CS and/or US processing by the activation of GABA receptors we uncaged GABA in vivo. This provided the possibility to determine a temporally and locally defined role for GABA during CS-US pairing.
GABA immunoreactivity after uncaging GABA in vitro and in vivo
To verify the uncaging protocol, photo-uncaging of GABA was tested in vitro. A solution containing a-carboxy-2-nitrobenzyl (CNB)-caged GABA was illuminated using a xenon flash lamp system ( Fig.  2A) . With an increasing number of light flashes applied to the CNB-GABA solution, the relative GABA immunoreactivity increased. The parallel handled glutamate solution showed basal GABA immunoreactivity irrespective of the number of flashes applied. This demonstrates the sufficiency of the flash lamp system to photo-release CNB-GABA in vitro and proves the selectivity of the antibody used. GABA release in vivo was quantified by ELISA measurements of brains and visualized by immunohistochemistry. The concentration of CNB-caged GABA used in this study was based on experience from earlier uncaging studies in honeybees (Müller 2000; Müller and Hildebrandt 2002; Locatelli et al. 2005) . To prevent degradation of uncaged GABA in vivo and during the following preparation, the GABA reuptake inhibitor tiagabine was injected prior to the injection of CNB-GABA and the subsequent flash experiment. As compared to control brains (not flashed), photostimulation of brains significantly increased GABA immunoreactivity, demonstrating that the applied photostimulation protocol successfully releases GABA within the bee brain (Student's t-test, df ¼ 19.4, t ¼ 22.17, P ¼ 0.043) (Fig. 2B ). Immunological staining of histological slices confirms the quantitative ELISA results. GABA-immunoreactivity in the MB of the stimulated brain side is increased as compared to that in the unstimulated side (Fig. 2C ). Focal photostimulation of the MBs did not increase the immunostaining in the antennal lobes (ALs) of the same hemisphere, indicating that uncaging of GABA is locally restricted. This legitimizes the experimental application to activate GABA receptors in a defined local and temporal pattern during olfactory associative learning. 
Twenty minutes before single-trial training, bees (numbers in parentheses) were injected with muscimol at concentrations as indicated or with PBS. The data show the percentage of bees reacting to the conditioned odor (PER) 2 h after learning. Although 5 mM muscimol has no effect on memory performance, 10 and 20 mM muscimol lead to a significant impairment in memory performance 2 h after training as indicated by the P-values (Chisquare/Fisher's exact test, two-tailed). 
Releasing GABA in MB or AL during CS -US pairing impairs olfactory learning
The injection of muscimol in the behavioral experiments indicated that GABA receptors influence memory formation during acquisition ( Fig. 1) . Given the information that CS and US activate GABAergic neurons (Gronenberg 1987; Grünewald 1999) , we focused our analysis on CS-US pairing during single-trial training (Fig. 3 ). Honeybees injected with CNB-GABA or PBS received flashes directed on the MBs at different time points during CS-US pairing. Uncaging GABA in the MBs directly after the CS-US pairing did not affect memory performance (2 h,
Uncaging GABA a few seconds before and during the CS presentation of CS -US pairing significantly impaired memory retrieval 2 h after learning (2 h, (Fig. 3B ). In order to prove that the observed memory impairment is not due to CNB-GABA injection, both groups were injected with CNB-GABA but only one group received UV-light flashes to the MBs (Fig. 3C) . Only the photostimulated bees were significantly impaired in memory performance 2 h after learning (2 h, x 2 ¼ 5.44, P ¼ 0.013; 1 d, x 2 ¼ 0.5, P ¼ 0.39). Bees receiving no UV-light pulses performed normally, indicating no toxicity of CNB-GABA.
Similar to uncaging GABA in the MBs, uncaging GABA in the ALs immediately before and during CS-US pairing impaired memory performance 2 h after learning (2 h, x 2 ¼ 3.92, P ¼ 0.032; 1 d, x 2 ¼ 2.08, P ¼ 0.12) (Fig. 4A ). Uncaging GABA in the optic lobes (OLs) had no impact on olfactory learning (2 h, (Fig. 4B) , which confirms that photo-uncaging of GABA is locally restricted and does not spread to other brain regions such as the ALs or MBs.
The observation that photo-uncaging of GABA before and during, but not after, the CS presentation during conditioning affects memory performance argues for a role of GABAergic processes during associative learning. To test whether this GABA action is restricted to CS -US pairing or whether GABA release generally interferes with odor processing, we uncaged GABA before and during the CS presentation at the 2-h retrieval test (Fig. 5) . In this case, uncaging GABA in the MBs (2 h, 5B ) did not affect memory performance, a result that clearly shows the specific role of GABA during CS-US association in ALs and MBs.
Discussion
We demonstrate that application of the GABA agonist muscimol during (but not after) appetitive olfactory conditioning of the PER impairs appetitive memory formation in the honeybee. By photorelease of GABA, we show that neuronal circuits in the ALs and the MBs are GABA-sensitive during a distinct time period of CS-US pairing. This adds new information to our knowledge on the role of GABA in memory formation that so far is mainly based on studies on aversive conditioning paradigms in Drosophila (Liu et al. 2007; Liu and Davis 2009) and mammals (Chapouthier and Venault 2002; Zarrindast et al. 2002; Makkar et al. 2010) . This, together with our finding that GABA action is restricted to a few seconds in CS-US pairing, argues for a highly specific function of GABAergic transmission in associative conditioning irrespective of the learning paradigm.
In both Drosophila and honeybees, the ALs and the MBs are sites that critically contribute to associative olfactory learning (Hammer and Menzel 1998; Dubnau et al. 2001; Yu et al. 2004; Berry et al. 2008) . Although in Drosophila a contribution of GABAergic input into the ALs to memory formation has not been described so far, our findings in honeybees argue for GABAsensitive neuronal circuits in the MBs and the ALs that both contribute to memory formation. Since studies in Drosophila focus on manipulations of GABA receptors in the MBs and the GABAergic anterior paired lateral (APL) neurons that innervate the MBs (Liu et al. 2007; Liu and Davis 2009; Pitman et al. 2011 ), a direct comparison, especially with regard to the role of the ALs, is difficult.
Although blocking the output of APL neurons and thus GABAergic input on MBs after appetitive olfactory conditioning disrupts labile memory in Drosophila (Pitman et al. 2011) , we found no indication that manipulation of GABA transmission after the conditioning phase (muscimol and photo-release of GABA) affects memory in honeybees. Whether this difference is due to the distinct techniques used to manipulate GABA transmission or due to differences of the neuronal networks' contributions to the different learning paradigms remains to be tested.
Nevertheless, our observation that GABA specifically interferes with CS -US pairing in honeybees is consistent with the outcome of studies in Drosophila that monitor GABAergic input neurons, the APL neurons, and their target the MBs. Increasing GABAergic inhibition in the MBs of Drosophila causes weakening of odor-induced calcium signals, while US processing is unaffected (Liu et al. 2007 ). Moreover, immediately after a single CS-US pairing (but not CS or US alone), the APL neurons decrease their response to trained odors, which reduces their inhibitory action on neuronal circuits in the MBs and thus facilitates subsequent CS-US pairings (Liu et al. 2007; Liu and Davis 2009) . Since the Bees (numbers in parentheses) were injected with muscimol (10 mM) or PBS, either before training or before 2-h retrieval test after single-trial training. Muscimol injected 20 min before acquisition significantly reduces PER to the conditioned odor (CS+) but does not alter PER to a novel stimulus (NS, 1-octanol). Muscimol injected 20 min before 2-h retrieval test neither affects memory performance to CS+ nor to NS. In all cases, the PER elicited by CS+ significantly differs from the PER elicited by NS (at least x 2 . 14, P , 0.001). Chi-square/Fisher's exact test (two-tailed) was used for statistical comparison. Bees (numbers in parentheses) were injected with muscimol (10 mM) or PBS before testing gustatory sensitivity, habituation, or sensitization. Gustatory sensitivity: Values indicate the relation between the mean of the gustatory response score after and before injection. The gustatory response scores were compared by Mann -Whitney U-test. Habituation: Numbers of stimuli until habituation were normalized to the mean of the control group injected with PBS. Numbers of stimuli until habituation were compared using the Student's t-test (two-tailed). Sensitization: Percentages of sensitized bees were compared with Chi-square/ Fisher's exact test (two-tailed).
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Cold Spring Harbor Laboratory Press on November 7, 2016 -Published by learnmem.cshlp.org Downloaded from properties of GABAergic feedback neurons in honeybees (Gronenberg 1987; Grünewald 1999 ) are similar to those in Drosophila, it is likely that photo-release of GABA overrides the conditioninginduced decrease in GABA release and thus impairs memory.
Interestingly, we find that GABA receptor activation during three-trial conditioning does not affect performance during acquisition or 2-h memory but impairs memory performance after 1 d. A direct comparison with other studies is not possible because the influence of GABAergic inhibition on performance during acquisition has not yet been investigated in insects. However, studies in contextual fear-learning in rats find that GABA receptor activation during acquisition does not prevent the animals from learning the CS-US association but, rather, causes them to acquire a context-specific inhibitory association (CS -no US) that interferes with the actual association during consolidation (Harris and Westbrook 1999; Makkar et al. 2010 ). This hypothesis is consistent with our results, as we find that GABA acts during acquisition to impair memory formation but without affecting performance during acquisition.
Moreover, we find that memory formation is affected differently, depending on the acquired training strength during acquisition. As cAMP-dependent signaling processes contribute to the transition from short-to long-lasting memories (Müller 2000; Berry et al. 2008) , an interaction between the cAMP-cascade and the function of GABA receptors is likely. Different studies demonstrate that phosphorylation of GABA receptors by cAMPdependent protein kinase (PKA) can cause a decrease in GABA mediated chloride influx or change the number and subunit composition of GABA receptors (McDonald et al. 1998; Jacob et al. 2008; Luscher et al. 2011) . These interactions could explain how an increased PKA activation mediated by an intensified training strength attenuates memory deficits induced by muscimol injection. Thus, local interactions between PKA activation and GABAergic inputs in ALs and MBs during learning provide a molecular mechanism that modulates the impact of successive conditioning trials depending on their properties, such as stimulus strength and inter-trial interval.
Materials and Methods
Animals
Experiments were conducted year-round in Saarbrücken, Germany, using honeybees (Apis mellifera) of the University apiary. Foragers were caught in front of hives maintained outdoors in summer or indoors during winter. After immobilization on ice, the bees were mounted in plastic tubes that allow free movement of the antennae and mouthparts (Bitterman et al. 1983) . Bees were fed with 2 -3 drops of 1 M sucrose solution in the morning and again in the evening. They were then kept overnight in darkness in a humidity chamber at a relative humidity of 70% at 20˚C-25˚C. All experiments, except odor discrimination (Table 2) , were performed during 2010 and 2011. Experiments for odor discrimination (Table 2) were performed in February/March 2013. For all behavioral experiments, at least three independent experiments were performed over the time course of at least 2 wk.
Associative olfactory learning
Associative conditioning was performed on the day after catching and a starvation period of at least 16 h. The training procedure was performed as described elsewhere (Müller 2002 ). An acquisition trial consisted of pairing an odor stimulus (clove oil) (CS, conditioned stimulus) with a sucrose reward (1 M) (US, unconditioned stimulus). The CS was delivered for 4 sec using a 20-mL syringe with clove oil. Two seconds after the odor onset, the antennae were touched with a sucrose-moistened toothpick and the bees were allowed to lick sucrose for 3 sec. Weak training consisted of one CS -US pairing (single-trial). Strong training Cold Spring Harbor Laboratory Press on November 7, 2016 -Published by learnmem.cshlp.org Downloaded from consisted of three CS -US pairings (three-trial) with an inter-trial interval (ITI) of 2 min. For memory recall, only the CS was presented to the bees. For 2-h and 1-d memory recall, the same bees were tested. Odor generalization was tested for 2-h memory recall (Table 2 ). Each animal was tested with the conditioned odor (clove oil) and a novel odor (1-octanol) applied in a random sequence. An exhaust eliminated lingering odor. Bees showing a PER to odor presentation or that did not react with a PER to US presentation during the first CS -US pairing were excluded from further evaluation (,5%).
Gustatory sensitivity
To test whether the injections influenced the processing of appetitive stimuli, we monitored the PER after touching the antennae with gradually increasing sucrose concentrations (0 M, 30 mM, 100 mM, 300 mM, and 1 M) using moistened toothpicks (Friedrich et al. 2004; Scheiner 2004) . Each single bee was tested before and 30 min after drug injection. Bees showing no PER to 1 M sucrose before drug injection were excluded from further evaluation (5%-10%). For each bee, the total number of proboscis responses to the five gustatory stimuli (0-1 M sucrose) was summed up (scores from 0 to 5). This value reflects the "gustatory response score" (Scheiner et al. 2001) , which can be used to compare the gustatory sensitivity of individuals before and after treatment.
Habituation
Habituation of the PER was tested by repeatedly touching one antenna with a sucrose-moistened toothpick (1 M sucrose). A bee is considered habituated when showing no PER during five consecutive sucrose stimuli. Following habituation, the contralateral antenna was touched to test for dishabituation (Müller and Hildebrandt 2002) . Bees showing no PER at dishabituation were excluded from further evaluation (,5%).
Sensitization
Spontaneous reaction to odors was tested using clove oil as described elsewhere (Hammer et al. 1994) . Two minutes after the odor stimulus bees were sensitized by antennal stimulation with sucrose (1 M). Twenty seconds after sensitization the odor was presented for a second time. During this second presentation, the PER was monitored. Bees showing the PER to the initial odor stimulus or showing no PER during sucrose stimulation were excluded from further evaluation (5%-10%).
Muscimol injections
One day prior to behavioral experiments, bees were mounted in plastic tubes, the heads were fixed with wax, and the lens of the median ocellus was cut out. At times indicated in Results, a volume of 0.2 mL muscimol in PBS (10 mM; Ascent Scientific) or PBS (137 mM NaCl, 2.7 mM KCl, 10.1 mM Na 2 HPO 4 , 1.8 mM KH 2 PO 4 ) was injected into the median ocellus using a pulled glass capillary (Bio-Logic) connected to a microinjector (Pikospritzer II, General Valve). Substances injected into the median ocellus (Mercer and Menzel 1982) follow the main ocellar tract and are rapidly distributed throughout the entire brain (Menzel et al. 1999) .
Uncaging experiments
One day prior to behavioral experiments, bees were mounted in tubes, the heads were fixed with wax, and a window was cut into the head capsule. Bees with yellow glands covering the brain and blocking flash illumination of the brain were omitted from the experiments ( 25%). A JML-C2 flash lamp system (Rapp OptoElectronic GmbH) generated high-power light pulses (10-msec pulse, 220 J at source, spectrum between 250 and 1000 nm) used for photostimulation. A 625-nm pass filter limited the light bandwidth. The flash output entered the photo adapter port of the binocular microscope (Leica). Self-made masks in the focusing plane allowed discrete photostimulation of the desired brain regions (Müller 2000) . Twenty minutes prior to photostimulation, the bees were injected with 0.1-mL CNB-caged GABA in PBS (20 mM; Invitrogen) or PBS into each brain hemisphere. Since the efficiency of uncaging in vivo cannot be calculated, the concentration of CNB-caged GABA used in this study was based on experience from earlier uncaging studies in honeybees (Müller 2000; Müller and Hildebrandt 2002; Locatelli et al. 2005 ).
Determination of GABA immunoreactivity using ELISA
The successful release of GABA was measured by standard ELISA protocol (Crowther 2000) using an antibody that specifically recognizes GABA-glutardialdehyde conjugates (mouse, 1:1000; Sigma-Aldrich).
In vitro measurement: 50-mL CNB-GABA (1 mM) or glutamate (1 mM) (control) were flashed in Eppendorf tubes (0, 5, 10, 20, 25 times; 2-sec interval between flashes). After photo-uncaging, 10 mL glutardialdehyde (25%), 50 mg BSA, and 440 mL PBS were added, followed by 1-h incubation at 6˚C. Conjugation was stopped by adding 50 mL 100 mM Tris (pH 7). Probes were diluted for standard ELISA protocol. In vivo measurement: A window was cut into the head capsule as described for the uncaging experiments. The GABA reuptake inhibitor tiagabine (0.1 mL, 10 mM; Ascent Scientific) was injected into each brain hemisphere 40 min before photostimulation. Twenty minutes later, 0.1 mL CNB-caged GABA (20 mM, Invitrogen) was injected into each brain hemisphere. In the photostimulated group, the central brain was illuminated with seven light flashes (2-sec interval between flashes), while the control group was not illuminated. Subsequently, the central brain was dissected and homogenized in 200 mL PBS containing 1 M urea and 1 mM EDTA. To each sample (50 mL), 10 mL glutardialdehyde and 12 mg BSA were added and incubated for 1 h at 6˚C. Conjugation was stopped by adding 50 mL Tris (100 mM, pH 7). The relative amount of GABA immunoreactivity was determined by ELISA. To compensate for the size of the prepared tissue the GABA value of each sample was normalized to PKA-R2 immunoreactivity (Müller 1997) .
Immunohistology
As described for the determination of GABA immunoreactivity in vivo, 0.1 mL tiagabine (10 mM; Ascent Scientific) was injected into each brain hemisphere. CNB-caged GABA (0.1 mL, 20 mM; Invitrogen) was consecutively injected 20 min before the MB of the left hemisphere was photostimulated seven times (see Fig.  2C ). Directly after photostimulation, the head capsule was flooded with fixing solution (PBS containing 0.5% paraformaldehyde and 1.25% glutardialdehyde) and incubated for 30 min at room temperature. The bee brain was dissected and incubated in fixing solution for an additional 2.5 h at 4˚C. The tissue was dehydrated in increasing grades of isopropyl alcohol (60%-100%) and subsequently infiltrated and embedded in paraffin for sectioning. The sections (7 mm) were mounted on poly-L-lysine slides and subsequently rehydrated, starting with xylene followed by decreasing grades of ethanol (100%-50%). Prior to antibody application, slides were blocked with blocking solution (PBS containing 0.1% Triton 100 and 0.5% BSA) for 30 min at room temperature. GABA antibody (mouse, 1:1000, diluted in blocking solution; Sigma-Aldrich) was applied to the sections and incubated overnight at 4˚C. The sections were washed (3 × 5 min) in PBS containing 0.1% Triton and incubated for 1.5 h at room temperature with Cy3-conjugated anti-mouse IgG (Goat; Dianova) diluted 1:500 in blocking solution. Sections were washed in PBS containing 0.1% Triton and mounted in a glycerol-aqua mix (1:1). The image was taken using an Axiovert 200M microscope (Zeiss) with a Zeiss 20X Plan-Neofluar objective (NA 0.3) and a cooled CCD camera (Cool Snap HQ 2 ; Photometrics). Dorsal and ventral parts of the brain were photographed separately as 24-bit RGB pictures and subsequently converted to one 8-bit grayscale picture with a resolution of 300 dpi.
Statistical analysis
SYSTAT10 was used for the statistical analysis. Habituation (Table  3 ) and relative GABA immunoreactivity (Fig. 2B) were compared with Student's t-tests (independent samples, unequal sample variances, two-tailed). The responsiveness scores were compared by Mann-Whitney U-test. The Chi-square/Fisher's exact test was used for pairwise comparison of the behavioral data (PER). For each comparison, we indicated the Yates value (corrected for continuity) together with the Fisher's exact probability (two-tailed). In all cases, P , 0.05 is considered as significant.
